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ARTICLE INFO ABSTRACT

Objectives: The aim of this study was to evaluate the plaque-inhibiting effects of oil pulling using 4- day plaque
regrowth study model compared to 0.2% chlorhexidine gluconate (CHX) containing mouthrinse.

Design: The study was an observer-masked, randomized, cross-over design clinical trial, involving 29 volunteers
to compare 0.2% CHX and oil pulling therapy in a 4- day plaque regrowth model. After the preparatory period,
in which the subjects received professional prophylaxis, the subjects commenced rinsing with their allocated
rinsed. On day 5 plaque index (PI), gingival index (GI), stain index (SI), bleeding on probing (BOP) were re-
corded from the subjects. Each participant underwent a 14- day wash out period and then used the other
mouthrinse for four days.

Results: Oil pulling therapy presented similar inhibitory activity on plaque regrowth compared with CHX
(PI =1.67 = 0.24, 1.61 *= 0.20, respectively) with less staining (SI = 0.21 * 0.13, 0.47 + 0.27, respec-
tively). In addition, GI and BOP was similar in both groups (p > 0.05).

Conclusion: Oil pulling with coconut oil seems to have similar plaque inhibition activity as CHX. In addition it
caused less tooth staining than CHX. These findings suggest that oil pulling therapy may be an alternative to CHX
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rinse.

This study was registered under the Clinical Trials protocol regis-
tration system (NCT03962777).

1. Introduction

The primary etiologic factor in the development of periodontal
disease is pathogenic microorganisms that colonize on tooth surfaces.'"
Thus the daily plaque removal by proper tooth cleaning represents a
major factor in preventing periodontal disease.” However, it is not easy
to implement a proper level of plaque control for many patients because
it requires special motivations and manual ability.* Studies investigate
chemical antimicrobial agents as an alternative to avoid plaque accu-
mulation for situations that cause difficulties, impossibilities for main-
taining a proper oral hygiene."

Chlorhexidine gluconate (CHX) is considered the most effective
chemical plaque inhibitor compared to other tested antiplaque agents
based on its properties.” Its positive properties include broad anti-
bacterial activity, high level substantivity, also it has a strong ability for
attachment to saliva, pellicle and oral mucosa and teeth. Its broad an-
tibacterial spectrum of activity varies amongst gram-positive and gram-

negative bacteria, yeasts, dermatophytes and some lipophilic viruses.
Beside its positive results in inhibiting plaque formation, CHX cause a
number of local side effects including taste disturbance, extrinsic tooth
and tongue staining, enhanced supragingival calculus, desquamation of
oral mucosa.>'? These side effects of CHX limit its extensive use and
promote interest in research to investigate new agents that have anti-
plaque activity with minimal side effects.

When investigating new agents old traditions are visited as well.
Ayurveda is a 3000-5000 years old tradition of natural whole-body
healing system that has its origins in the Vedic culture of India.'' Re-
cently, it has gained popularity as complementary medicine in other
parts of the world as well. It is known that Ayurvedic medicines have
been used in the treatment of periodontal diseases for many years.'*"*

0Oil pulling is a method based on Ayurvedic medicine which aims to
obtain local and systemic benefits by swirling oils in the oral cavity for
a period of 15min, before spitting it out.'"* Although the exact me-
chanism of action is not clear, there are some proposed theories. One
proposed theory is the saponification or “soap making” process which
occurs as a result of alkali hydrolysis of fat.'' Second theory speculates
the inhibition of plaque formation and adhesion of bacteria due to the
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viscous nature of the oil."®> According to the third theory, presence of
antioxidants in oil prevent lipid peroxidation and thus help to the de-
struction of microorganisms and potentiating the action of Vitamin E in
the oral cavity.'®

The most commonly used oils for oil pulling are sesame oil and
coconut oil. The components of sesame oil (sesamin, sesamolin and
sesaminol) has antioxidative properties. Coconut oil is composed of
92% saturated acids, and approximately 50% of which is lauric acid. It
has not only anti-inflammatory effect but also substantial antimicrobial
activity against a range of microorganisms. These include Escherichia
vulneris, Enterobacater spp.,Helicobacter pylori, Staphylococcus aureus,
Candida (C) spp.,including C. albicans, C. glabrata, C.tropicalis, C. para-
psilosis, C. stellatoidea and C. krusei and various viruses.''-'”'®

The effect of oil pulling on halitosis and the use of oil pulling in
addition to conventional oral hygiene practices was investigated in
some studies'*'°?° but to the best knowledge of the authors, no study
has evaluated the plaque-inhibiting effects of oil pulling. Therefore this
study was conducted to evaluate the plaque-inhibiting effects of oil
pulling using 4- day plaque regrowth study model*"** compared to
0.2% CHX-containing mouthrinse. The tested hypothesis was that oil
pulling would perform plaque regrowth inhibition as well as the CHX-
containing mouthrinse.

2. Patients and methods
2.1. Study population

Thirty patients were recruited for this 4-day plaque regrowth study
from the 42 screened subjects who referred to Baskent University
Faculty of Dentistry, Department of Periodontology from February
2019 to April 2019.>>?* The research protocol was conducted in full
accordance with the Helsinki Declaration of 1975, as revised in 2000
and approved by Institutional Review Board and Ethics Committee of
the Baskent University (approval no: 19/04). Written informed consent
was obtained from all subjects. This study was registered under the
Clinical Trials protocol registration system (NCT03962777). The
screening and selection of volunteers were carried out by a single who
informed the patients about the study design (NOA).

2.2. Inclusion and exclusion criteria

After obtaining a detailed medical history and initial clinical ex-
amination, patients were included into the study if they had: 1) no
systemic disease 2) = 22 natural teeth, 3) no removable or fixed
prostheses or fixed and removable orthodontic appliances. The fol-
lowing exclusion criteria were applied: history of antibiotic and anti-
inflammatory drug use in previous 6 months, presence of an allergy to
any ingredient used in the study, smokers, pregnant or lactating fe-
males, history of mouthrinses, gels or chewing gums use that contains
antimicrobial agents in the preceding 3 months, having teeth with
probing depth =4 mm and signs of gingival inflammation, presence of
gingival recession =2 mm.

2.3. Study design

The study was a single-center, observer masked, cross-over design
with subjects randomly allocated to treatment sequences. During a 2-
week preparatory period, participants rendered plaque, calculus and
stain free by a thorough scaling and polishing of the teeth by both hand
and ultrasonic instruments and were instructed in self-performed
plaque control. At the end of the preparatory period, all subjects had
clinically healthy gingiva.

Participants were randomly allocated to two groups by closed en-
velop system (BM) and masked to the mouthrinse received. The tested
products and regimens of use are shown in Table 1. Mouthrinses were
filled in identical but coded bottles. Instructions for usage were written
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Table 1

Clinical parameters of chlorhexidine gluconate (CHX) and oil pulling groups.
Parameter CHX Oil pulling p value
PI 1.61 = 0.20 1.67 = 0.24 0.09
SI 0.47 = 0.27 0.21 = 0.13 0.0002
GI 0.67 = 0.25 0.60 = 0.21 0.286
BOP 0.01 = 0.01 0.09 = 0.30 0.225

Values are presented as mean *+ standard deviation (SD).
PI: plaque index, SI: stain index, GI: gingival index, BOP: bleeding on probing.

on the bottles. On day 1 (Monday) of each study periods, after dis-
closing the teeth with erythrosine all subjects received scaling and
polishing to remove plaque and extrinsic stain and disclosing of the
teeth was repeated. By this way it was confirmed that all participants
had a plaque score of 0 at baseline. Subjects were then asked to refrain
from all forms of tooth cleaning and to apply the rinsing regimen. The
tested agents included the following: 1) 0.2% chlorhexidine mouthrinse
(10 mL, twice daily for 30s) 2) Coconut oil (10Ml, twice daily
15-20 minute). All agents were to be used after breakfast and dinner
and the subjects should be avoided rinsing, eating and drinking during
the first hour after rinsing. During the 4- day period, the use of any
other rinse, chewing gum or toothpaste was not allowed. The partici-
pants were advised to control the rinsing time with a timer and the
rinsing method was reminded twice a day during the 4- day period by
an investigator who made the allocation (BM). The mouthrinses were in
identical bottles and patients were not informed about the products
however total subject blindness cannot be possible due to the taste,
colour, consistency of the products and also due to rinsing time dif-
ferences.

On day 5 (Friday), subjects received an oral soft tissue examination,
first each subject was scored for staining using Lobene stain index
(SI).>* After that disclosing was performed with erythrosine and plaque
scoring was performed using the Turesky et al.>® modification of the
Quigley and Hein index.” Stain and plaque indices were recorded from
the buccal and lingual surfaces of all fully erupted permanent teeth,
with the exception of the third molars. In addition, Gingival Index (GI)
and bleeding on probing (BOP) were recorded from six sites of each
teeth. All clinical examinations were performed by a single trained and
calibrated clinician (YS) who was masked to the study.

After recording the clinical parameters, subjects received a pol-
ishing to remove all plaque and tooth stain if present and 14 days of
wash out periods were allowed after 4- day period.”” During the wash
out period, the subjects returned to normal oral hygiene methods with a
standard toothbrush and a fluoride containing tooth paste. These pro-
cedures were repeated until each participant used each of the rinses.

At the end of each interval the subjects were asked to complete a
standardized questionnaire to evaluate their attitudes and occurrence of
adverse effects with regard to the product used. The patients were asked
about the flavor of the mouthrinse, the alteration in the taste of food
and drinks, the perception of the plaque reduction, the staining that the
mouthrinse created, the feeling to create nausea, the preference of the
products. Responses to the questions are based on a five point Likert-
type scale which ranged from 1- “very negative” to 5- “very positive”
except for the question about the preference of the product. Also at the
end of each interval compliance of the subjects were controlled by
measuring the remaining mouthrinses in the bottles.

2.4. Sample size estimation

Sample size estimation was performed by using NCSS 2007 /PASS
program by using 2 X 2 cross-over design non-inferiority test. The
primary aim of this study was to compare by the differences in PI scores
between the two groups. Sample size calculation suggested that a
minimum of 28 patients were needed to demonstrate a 0.13 difference
in PI scores between the two groups after treatment (80% power, a of
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0.05, standard deviation of 0.86).” Considering the dropout rate, to
achieve at least 28 patients, a total sample of 30 patients were enrolled
in this study.

2.5. Statistical analysis

Data analysis was performed on individual plaque index, gingival
index, bleeding on probing scores. Plaque index and stain index were
also examined for buccal surfaces of upper arch, buccal surfaces of
lower arch, lingual surfaces of upper arch, lingual surfaces of lower arch
for anterior and posterior sites.

Data analysis was performed using SPSS for Windows, version 21
(SPSS Inc., Chicago, IL, United States). The data were analyzed for
normality of distribution with the Shapiro-Wilk test. Because the data
did not result in a normal distribution, Mann-Whitney U test was used
to determine the differences between two groups. A p-value less than
0.05 was considered statistically significant in all tests.

3. Results

Of the 42 screened patients, 30 eligible patients recruited and 29
patients completed the study (18 females and 11 males, aged 18-52
years; mean age: 26.3 years). One patient dropped out of the study due
to antibiotic use (Fig. 1). Means * standard deviations for full-mouth
plaque index, stain index, gingival index and bleeding on probing
scores are shown in Table 1. There were no significant differences be-
tween CHX and oil pulling groups in terms of full-mouth plaque index,
gingival index and bleeding on probing scores (p > 0.05) whereas
stain index was statistically higher in CHX group (p < 0.05). In CHX
group, the mean full mouth stain index was 0.47 + 0.27 compared to
0.21 = 0.13 of the oil pulling group.

Table 2 shows the mean plaque and stain index for posterior sites. In
these sites the pattern for plaque index was the same as the full mouth
plaque index (p > 0.05). For the stain index, difference between the
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two groups was significant in posterior sites except for the lingual
surfaces of the upper arch.

Table 3 presents the mean plaque and stain index for anterior sites.
In anterior sites, plaque score was 1.57 = 0.29 and 1.87 = 0.24 for
the CHX group; 1.91 + 0.28 and 1.99 + 0.13 in oil pulling group for
buccal surfaces of upper and lower arch respectively. These differences
between the two groups were statistically significant for buccal surfaces
of both upper and lower arch (p < 0.05) whereas in the lingual sur-
faces of upper and lower arch, CHX and oil pulling group did not differ
significantly. In terms of stain index, CHX group exhibited higher scores
compared to oil pulling group and these differences between the two
groups were statistically significant in buccal and lingual surfaces of
both the upper and lower arch.

The patients completed the questionnaire after each experimental
period and the results are shown in Table 4. With regard to the taste of
the product, oil pulling group had higher levels compared to CHX group
(p < 0.05). Similarly, with regard to the participants alterations in
taste perception, oil pulling group had higher levels compared to CHX
group (p < 0.05). However, participants perception of the plaque re-
duction, staining that the mouthrinse created and participants evalua-
tion about the nausea experience caused by the mouthrinse did not
differ significantly between the groups (p > 0.05). In addition, 14
patients (48.3%) reported that if they have to use a mouth rinse they
would prefer CHX; whereas 15 patients reported that they would prefer
oil pulling. Five of those who preferred CHX reported that although the
taste of this product was worse, they preferred it because of the short
duration time.

4. Discussion

The current study was designed to compare the antiplaque activity
of oil pulling and 0.2% CHX-containing mouthrinse. The results con-
firmed the hypothesis that oil pulling would perform full-mouth plaque
regrowth inhibition as well as the CHX-containing mouthrinse.

Assessed for eligibility (n=42)

Excluded (n=12)
4 * Notmeetinginclusion criteria (n=8)

* Declined to participate (n=4)

Randomized (n=30)

Allocated to intervention
(n=15)

I

Discontinued intervention (n=1)
Lost to follow up (n=0)

Mouthrinse A

PR Crossover O i o
& 5

Volunteers abstain from allform of
mechanical hygeinefor 4 days and use only
assigned moutrinse 2 timesa day

Allocated to intervention
(n=15)

Discontinuedintervention (n=0)
Lost to follow up (n=0)

Mouthrinse B|
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Volunteers abstain from allform of
mechanical hygeinefor 4 days and use only
assigned moutrinse 2 timesa day

Follow up

~———____ PlaguelndexandStainindexwererecodded
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(n=15)
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Discontinuedintervention (n=0)
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Allocated to intervention
(n=14)
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Plague Index and Stain index wererecorded

Analvsed (n:29)

Fig. 1. Flow-chart of the study.
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Table 2
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Means and standard deviations (SD) of plaque index and stain index of buccal and lingual surfaces of upper and lower arches for posterior sites.

Mouthrinse Plaque index Stain index
Buccal surfaces Lingual surfaces Buccal surfaces Lingual surfaces
Upper arch Lower arch Upper arch Lower arch Upper arch Lower arch Upper arch Lower arch
CHX 1.64 = 0.30 1.76 = 0.29 1.45 = 0.41 1.69 = 0.28 0.55 = 0.39 0.44 = 0.44 0.57 = 0.41 0.64 = 0.45
Oil pulling 1.62 = 0.25 1.90 = 0.20 1.53 = 0.38 1.79 = 0.19 0.19 = 0.21 0.18 = 0.19 0.25 *= 0.25 0.39 = 0.32
p value 0.672 0.15 0.247 0.15 0.00021 0.002 1 0.003
CHX: chlorhexidine gluconate.
Table 3
Means and standard deviations (SD) of plaque index and stain index of buccal and lingual surfaces of upper and lower arches for anterior sites.
Mouthrinse Plaque index Stain index
Buccal surfaces Lingual surfaces Buccal surfaces Lingual surfaces
Upper arch Lower arch Upper arch Lower arch Upper arch Lower arch Upper arch Lower arch
CHX 1.57 = 0.29 1.87 = 0.24 1.39 + 0.36 1.60 = 0.37 0.55 = 0.39 0.44 = 0.44 0.64 = 0.47 0.64 = 0.45
Oil pulling 1.91 + 0.28 1.99 + 0.13 1.51 + 0.41 1.54 + 0.43 0.19 = 0.21 0.18 = 0.19 0.30 = 0.28 0.39 + 0.32
P value 0.0001 0.027 0.226 0.751 0.00021 0.002 0.004 0.003
CHX: chlorhexidine gluconate.
Table 4
Questionnaire responses.
Questionnaire questions CHX Oil pulling P value
How was the taste of the product? 2.48 = 0.99 3.17 = 0.93 0,005
How was your taste of food and drinks affected? 2.55 = 1.12 3.28 = 0.88 0.006
What was your perception of the plaque reduction? 3.48 = 1.15 3.17 = 1.04 0.276
How do you evaluate the staining that the mouthrinse created on your teeth? 2.66 = 1.32 2.97 = 0.57 0.209
How do you evaluate feeling of nausea created by the mouthrinse that you used? 2.93 = 0.96 2.83 = 1.04 0.632

Values are presented as mean =+ standard deviation.
CHX: chlorhexidine gluconate.

As control of supragingival plaque is critical factor for periodontal
disease, the adjunctive use of antimicrobial mouthrinses may be re-
commended when mechanical oral hygiene is difficult, compromised or
impossible. Because its original findings for plaque-inhibitory proper-
ties exist widely in the literature, CHX has been usually used as positive
control by which other potential plaque-inhibitory agents or formula-
tions are compared. Parallel with the several previous studies that
compare an agent’s anti-plaque efficacy, CHX has been used as a posi-
tive control group in the present study.>”-%'?

In this study 4-day plaque regrowth model was used because it has
typical design to assess the efficacy of chemical plaque control methods
and to compare the regrowth inhibition efficacy of different agents.
This model which avoids tooth brushing for 4 days after professional
tooth cleaning is useful to test an agent’s efficacy on supragingival
plaque regrowth. In addition, this model provides the removal of the
confounding factors like the possible interaction between mouthrinse
and toothpaste or the Hawthorne effect.>>*

The present results showed that oil pulling displayed similar plaque
regrowth inhibition with less tooth staining in 4-day plaque regrowth
model. Although it is regarded as gold-standard anti-plaque agent, one
of the most important disadvantages of CHX that limits its long-term
use is the discoloration of the teeth. The other disadvantages of CHX
such as unpleasant taste, discoloration of teeth have led to the use of
other agents that may be equally effective with minimal dis-
advantages.>'>>° Currently, Ayurvedic drugs are rapidly replacing
chemicals for treatment of various diseases, including periodontal dis-
eases because of equivalent potential and lesser side effects.'” For this
purpose it is thought that, oil pulling may be a promising technique
alternative to the CHX mouthrinse in the cases which the usage of

chemical plaque control agents is indicated for the inhibition of plaque
regrowth.

Oil pulling therapy which has both oral and general health benefits
involve swishing of oil which has been ancient Ayurvedic practice. It
has been used extensively for many years, without scientific evidence as
a traditional Indian folk remedy. It is believed that viscosity of oil in-
hibits bacterial adhesion and plaque aggregation. Also one of the pro-
posed action mechanism of oil pulling is the saponification process that
occurs as a result of alkali hydrolysis of fat."* Absence of lingering taste,
nonstaining of teeth and associated allergies are the advantages of oil
pulling therapy over the other chemical agents whereas the extended
duration of the procedure may be a disadvantage of the oil pulling
therapy compared to chlorhexidine.”® Beside its proposed advantages,
the literature related to oil pulling and dental health is sparse.

The studies focusing on oil pulling did not study the plaque in-
hibiting effects. In a study that compared the effect of oil pulling with
sesame oil on plaque induced gingivitis and compare it with CHX the
results showed that statistically significant within-group reductions in
PL, GI score and total count of aerobic microorganisms in the plaque for
both groups but no significant difference between groups were found.'®
In another study with similar design, it was found that when used ad-
junctive to daily home oral hygiene procedures, oil pulling therapy
showed reduction in Streptococcus mutans in the plaque and saliva.*’
Studies which were designed to evaluate the effect of oil pulling on oral
malodor showed that oil pulling with sesame oil was effective as
chlorhexidine in reducing halitosis and microorganisms associated with
halitosis.”**!

Present study is the first study that evaluates the plaque-inhibiting
effects of oil pulling with coconut oil and compare to 0.2% CHX-
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containing mouthrinse using 4- day plaque regrowth study model on
the whole group of volunteers after a two-week wash out period and a
session of scaling (to obtain a PI of 0). With the crossover design of this
study, each patient acts as his/her own control and this allows for
greater biological homogeneity.*”

Oil pulling can be performed by various oils including sunflower oil,
sesame oil and coconut oil."* Coconut oil is different from most other
dietary oils because it is primarily composed of medium chain fatty acid
which influences its physical and chemical properties. Coconut oil
contains 92% saturated acids, with 50% of which is lauric acid. Lauric
acid has proven both anti-inflammatory effect and antimicrobial ac-
tivity against a range of microorganisms.'”'® Due to the mentioned
features, coconut oil was chosen for oil pulling therapy in the current
study.

In addition to full-mouth evaluation, the PI and SI were evaluated at
eight different sites (buccal surfaces of upper arch, buccal surfaces of
lower arch, lingual surfaces of upper arch, lingual surfaces of lower arch
for anterior and posterior sites) to determine if there are some topo-
graphical sites that results in different effectiveness of the products. The
pattern of efficacy was the same in posterior sites but in the buccal
surfaces of anterior sites, plaque inhibition with CHX was significantly
greater. Its known that emulsification of oil begins upon 5min of oil
pulling which increases the amount of the oil combined with saliva.'®
Also the extended duration of oil pulling procedure may cause muscle
fatigue. These two factors together, may compromise the orientation of
the oil in the anterior buccal region of the mouth resulting in lower
plaque inhibition activity in anterior buccal sites of both upper and
lower jaw.

In the present study, supragingival plaque formation is evaluated
only macroscopically using PI and the absence of microbiological eva-
luation can be regarded as a limitation of the present study. Within
limitations, this 4-day plaque regrowth study showed that oil pulling
with coconut oil has similar inhibiting effect on plaque regrowth with
0.2% CHX-containing mouthrinse with less disadvantage. Further stu-
dies with microbiological analyses are needed to confirm these results.

Similar to present study, several previous studies compared the
antiplaque efficacy of a number of formulations with CHX. Aparna
et al.” compared the antiplaque efficacy of honey mouthrinse with CHX
and found that CHX and honey rinses revealed similar plaque regrowth
inhibiton. Pradeep et al.'”> evaluated the efficacy of triphala (TRP)
mouthwash in reduction of plaque and gingivitis. It was found that
reduction in plaque index was similar in TRP and CHX group. Rosin
et al.>®> compared polyhexamethylene biguanide, essential oil rinse and
a chlorhexidine rinse on bacterial counts and 4-day plaque regrowth
and found that both agents showed similar results in inhibiting plaque.
Although previous study results are promising in inhibition of plaque
regrowth, to date no natural product has been able to completely re-
place CHX.

The patient preferences and evaluations of the products were also
evaluated in the present study. According to the questionnaire, the
flavor of the CHX and the change created in the taste sensation was
evaluated worse than oil pulling therapy. However patients also felt
that the feeling of plaque reduction was similar in both groups. 15 out
of 29 patients preferred the use of oil pulling while 14 preferred the use
of CHX. Patients explained the reason behind the choice of products,
the findings suggest that the short duration use of CHX let to the similar
results with coconut oil even though patients did not like to taste. Based
on these results oil pulling therapy seems to be a preferable technique
to overcome the disadvantages of CHX. However well designed studies
should furtherly investigate the effects of oil pulling with coconut oil for
inhibition of supragingival plaque formation.

Also in the present study the results were similar, however chlor-
hexidine gluconate achieved these in shorter period of mouth rinsing
due to its chemical content. Choosing the natural over chemical would
be beneficial however it should be kept in mind that longer mouth
rinsing period is a factor that may lead to a potential disadvantage for
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patient motivation. Based on this dilemma other potential agents
should be studied that may show the same effectiveness as CHX in si-
milar or shorter mouth rinsing periods.

In conclusion even though the results from the present study shows
promising results for oil pulling with coconut oil on inhibition of su-
pragingival plaque formation, it also has its limitation for use and
would not be able to replace chlorhexidine gluconate yet. Further stu-
dies are needed to find a better natural replacement for chemical gold
standard chlorhexidine gluconate.
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